Abstract: Material selection is an important stage in the development of products from composites process of automotive component application. Numerious different Multi-Criteria Decision-Making tools have their own strenghts and limitations. This paper presents a framework for material selection of natural fibre reinforced polymer composites by using statistical approach. The framework is developed using statistical methods which are simple, multiple and stepwise regression for the material selection process. The performance of potential material is investigated by a statistical analysis such as coefficient of correlation, coefficient of determination and analysis of variance. A case study to select the best composite of parking brake lever is applied to this framework. End results revealed that kenaf reinforced polypropylene is the best candidate for construction of automotive parking brake lever component. The best possible of statistical model for material selection of the composite can be referred by design engineer in composite industry for a multiple application. Moreover, the proposed framework is an aid to help engineers and designers to choose most suitable material.
Introduction
The growth of using polymer such as thermoplastics and thermosets in automotive applications is driving increased the demand for natural fibres as plastics additives. In an expending world population, the production of natural raw material such as jute, flax, hemp, coir, sisal, sugar palm, bamboo, pineapple and banana are increasing year by year. The increment by 60 % of natural fibre demand was confirm by natural fibre industry. In addition, the projection of the growth rate from 10 % to 20 % per year is estimated [1] . Natural fibre reinforced polymer composite (NFRPC) is a combination of two materials which are natural fibre itself and the matrix. This composite recently has proven a good agreement with a better physical, mechanical, chemical and environmental properties compare with single fibre or polymer [2] [3] [4] . Recent year, a lot of study discuss the ability of NFRPC by showing a good score of mechanical properties that can replace metal based materials in automotive industry [5] [6] [7] [8] .
There are various methodologies that can be used to analyse the material performance and there are several parameters could influence the material performance. The design engineer should choose the best combination of the composite to optimize the function of desire automotive component design. Material selection is the critical part in manufacturing process to avoid major lost during product design testing [9] . There is no standard procedure to select the material in automotive industry. Different material selection tools have different methodology and measurement [10] . Some of the results from Multi-Criteria Decision Making tools obtain inconsistence judgement and subjectivity problem during the ranking and weighing process. For example, biasness problem occurs in Analytical Hierarchy Process and Analytical Network Process during the weighting process of the criteria that can affect the final decision [11] [12] [13] . Moreover, uncertainty criteria during the assessment cannot be assist by Analytical Network Process [14] . While, Das and Kumar [15] overcome the limitation of Preference Ranking Organization Method for Enrichment Evaluations (PROMETHEE) tools that only can deal with qualitative data by using graphical analysis for interactive assistance (GAIA) technique. Most of the MCDM tools ignore the collinearity problem with the criteria and subcriteria in the complex hierarchy that influence the final decision [16] . The researcher used a hybrid tools for material selection to increase the efficiency and present more precise result [6, [17] [18] [19] [20] [21] .
In this study, we propose and introduce a framework for material selection tools using statistical methods which are simple, multiple and stepwise regression. The detail performance of each composite will be analysed by using statistical measurement such as mean (µ), standard deviation (σ), determination of coefficient (R
Methodology
In this part, the methodology is present with the propose framework in Figure 1 and the detail numerical measurement is explained in a subsection.
Proposed Framework
From the data collection, most of the publish research consider strength and flexural properties of NFRPC [22] [23] [24] [25] . Tensile strength, Young's modulus, flexural strength and flexural modulus was the variables involved in this study. The relationship of these mechanical properties with the response variable is investigate. The screening process of the variables is based on the significant testing by referring the P-value (α<0.05). The possible statistical model is constructed and analyse with the numerical measurement such as determination of coefficient and F-test. Multicollinearity problem is solved by removing irrelevance variables based on the value of Tolerance and Variance Inflation Factors (VIF). The estimation process by using the best model of composite is performing to choose the final composite for brake lever application as a case study.
Data Collection
The secondary data of NFRPC of strength and flexural properties is referred. The matrix of the composite is the control variables, where the polypropylene is focused. In this study, kenaf, jute and bamboo are selected because the availability of the data from the literature as shown in Figure  2 . The best finding based on material decomposition and variables such as loading, temperature, time and chemical treatment that conclude from the experimental work is used Figure 1 . The framework of proposed best model of composites in material selection.
in this study. Some of the property's value display in a range, the average value was record. The data of natural fibre reinforced polypropylene composites is shown in Table 1 . By using the natural sources in automotive component, it will give a good merit to the product especially on environmental point of view in global for an extended period. In recent year, countless studies have used natural fibre as their reinforcement agent to the polymer materials. The advantages of the natural fibre are low cost, low density, biodegradability, high toughness, good insulation against heat and noise, renewable, good thermal properties and ease of separation [26] [27] [28] . However, there are limitation in handling natural fibre such as low resistance to moisture and low thermal stability. Therefore, natural fibre is mix with the matrix for a better performance of material properties. There are two major polymers used in recent year, there are thermoplastics and thermosetting [29] [30] [31] . This polymer has their own advantages as a matrix such as highly recyclable, high impact resistance, high flexible design, high level of dimensional stability and cost effective [28, 29, 32, 33] .
Statistical Measurement and Analysis for Natural Fibre Composite Materials Selection
Quantitative measurement using statistical component such as correlation coefficient, coefficient of determination, significant testing and analysis of variance are employed to select the best statistical model of composite.
Statistical Model of Composites
In order to construct statistical model, as mention earlier mechanical properties such as tensile strength, Young's modulus, flexural strength and flexural modulus are considered. The respond variables in this study is performance score (PS) which is calculated by using equation (1) . PS will be used to evaluate the performance of the alternative composites.
(1)
The PS with the partial regression coefficient for each the regressor constructed a statistical model by using simple, multiple and stepwise linear regression. The general form of simple linear regression is shown in equation (2) . Since there are more than one regressor variables, multiple mechanical properties of the composite are considered in this study. equation (2) is extended to equation (3) for multiple linear regression. ,
,
where y i is the respond variable (PS) x i are the regressor variables, are partial regression coefficient, ε i is an error term and the subscript i indexes a particular observation.
Stepwise regression is the alternative prosedure to construct the statistical model. In this approach, the regressor is adding or delating at a time. There are three catagerories which are forward selection, backward elimination and stepwise selection. In this study, the stepwise selection is used to clarify which regressor is exclude or include to the statistical model. In fact, all posibble statistical model is prepare from single and multiple effect of the regressor to verify the final best model.
Correlation Coefficient
The relationship of the regressors and the respond variable can be identified by using correlation coefficient by using equation (4) . A lot of study on the effect of physical, chemical and mechanical properties of composites explain the relationship between the parameters such as temperature, size, length, density, stiffness, volume, weight, loading and types of materials [44, 45] . One of MCDM method which is quality function deployment used correlation matrix to illustrate the relationship between the constrains [16, 46] . (4) where S xx is sum of square of the regressor, S xy is sum of square of the interaction of regressor and respond variable and SS T is sum of square total. Figure 3 shown the strength and direction of the correlation between the regressor and response variable. The relationship of the parameters can be weak, moderate and strong positive and negative effect.
Nadlene et al. [47] had found significant correlation between Young's modulus and tensile strength with chemical treatment of roselle fibre composites. The higher concentration on chemical treatment can increase the mechanical properties. There are strong correlation was found between density and tensile modulus in application chopped fibre composites in vibration modelling [48] .
Coefficient of Determination
Coefficient of determination, R 2 is calculated by using equation (5) to describe the variation of PS is explained by the regressors x j . In this study, the variation of the performance material is explained through the mechanical properties by percentage. (5) where SS T is a measure of the variability in PS without considering the effect of the regressor variables x j and SS RES is a measure of the variability in PS remaining after x j has been considered, is often called the proportion of variation explained by the regressor x j . For example, the variation of the flexural strength is explained by the moisture content, curing temperature and curing time by 98.40% while these regressor explained the variation of flexural modulus by 99.93 % [49] . Another study discuss the variation of impact property is explained by the fibre content, fibre size and maleic anhydride polypropylene (MAPP) content by 99.96 % [50] .
Significant Testing
From three models constructed, statistical F-test is used to identify the significant mechanical properties to PS. The individual effects of mechanical properties to PS will discuss. The standard error is 5 % (α=0.05) for all the testing. The parallel procedure will check by using multicollinearity testing. The presence of near-linear dependencies can dramatically impact the ability to estimate the PS. This problem also can influence the final decision on material selection process [16] . This problem can be solved by calculating the variance inflation factors (VIF) by using equation (6): (6) where is the coefficient of multiple determination obtained regressing x j on the other regressor variables. Serious problem of multicollinearity occurs when the value of VIF is more than 10. Peng et al. [51] was found load is the most significant parameter to the wear and friction properties of the hybrid composites followed by distance and speed. The most significant factor that influence lignin yield is process temperature while there is no significant effect of fibre concentration on the length and aspect ratio distribution for flax based composite in different study [52, 53] . Significant testing on tensile, flexural and impact properties was analyse on the composites studied by Jumaidin et al. [54] .
ANOVA
One of the important statistical analysis on determine the significant variables in the model is analysis of variance (ANOVA). This procedure is often thought of as an overall or global test of model adequacy. Countless study on composite used this analysis [45, 49, 55, 56] . The appropriate hypotheses is shown below:
Rejection of this null hypothesis implies that at least one of the regressors contributes significantly to the model. In this analysis, we are used F-test statistical measurement to make a decision and conclusion. The total sum of square SS T is partitioned into a sum of square due to regression, SS R , and a residual sum of square, SS Res . Thus, equation (7) is used for ANOVA. 
Model Selection of Natural Fibre Reinforced Polymer Composites
Best model is required for material selection in the industry of composites to reduce the time and cost. The design and manufacturing engineer can cut their time and save the money which they only have to concentrate with significant variables rather than need complete information about the properties of the composite. The manufacturing team also can reduce their effort doing the testing for all mechanical properties which incur additional cost. The objective to select the best model are (1) to describe the data in the simplest way where the redundant predictor is removed, (2) to reject the unnecessary predictors that will add noise to the estimation of other quantities, (3) to identify the collinearity problem and (4) to reduce cost in prediction process where the insignificant variables is omitted [57] . There are four regressors in this study, then the total possible statistical model is 2 k −1. The possible statistical model in this study is shown in Table 2 .
All the possible statistical model of bamboo reinforced polypropylene composites (BRPC), jute reinforced polypropylene composites (JRPC) and kenaf reinforced polypropylene composite (KRPC) are analysed. The final best model of each composite is selected based on the criteria as shown in Table 3 .
Materials Selection of Natural Fibre Reinforced Polymer Composites Using Best Statistical Model
Material selection process is involve systematic evaluation steps which involving (1) determination the relevance criteria and feasible alternatives, (2) numerical measurement of the criteria and evaluation of the alternatives and (3) determining a ranking score of each alternatives [58] . In this statistical approach, the alternative materials are evaluated as a whole in constructed model that represent the performance of the composite. The quantitative measurement used in entire statistical analysis will reduce the bias problem in ranking preference that practice commonly in MDCM method. The subjective judgement can contribute to prejudice final decision making at the preference materials. Furthermore, a better material selection system should have a good characteristics such as easy in handling, increase the efficiency of process and increase the quality of the product [9, 21, 59, 60] .
Results and Discussion
In this study, statistical model of kenaf, jute and bamboo reinforced polypropylene are constructed with the significant parameters of mechanical properties follow the regulation on Table 2 . The best model of NFRPC is used to estimate the performance score of alternative material for automotive parking brake lever as a case study. There are total 45 possible statistical models was performed by using simple, multiple and stepwise regression for bamboo, jute and kenaf composites. The detail score of coefficient of correlation (r),
, analysis of variance (ANOVA), tolerance, variance inflation factors (VIF), sum of square regression (SS R ), sum of square residual (SS RES ), sum of square total (SS T ) and each of the coefficient of the regressor in the model was shown in Table 4 (BRPC), Table 5 (JRPC) and  Table 6 (KRPC). The bold numbers are used to illustrate the significant value for single (R evaluate a single effect of mechanical properties toward PS. For example, the variation of PS is explained by flexural strength by 97.7 % while 86.7 % is explained by Young's modulus. Adjusted R 2 is used to describe the variation of the PS by considered another mechanical property in the model. There are 95.5 % of the variation of PS is explained by Young's modulus and flexural strength. There is multicollinearity problem between Young's modulus and flexural strength since the VIF value is more than 10. This model should be omitted because it will affect the prediction process which the same variables trying to do the same job. This problem was confirmed by using stepwise regression where the Young's modulus was remove from the looping process. The significant testing should be considered which the P-value must less than 0.05. For example, there are good achievement on adjusted R 2 in the model of tensile strength, flexural strength and flexural modulus but the P-value is more than 0.05 which is 0.20 where there is no significant difference on that model. All the criteria should be considered consistently, the looping 'IF ELSE' syntax below can be used to identify Where the value is between 0.387 and 0.689. The R 2 from the simple linear regression also indicate the variation of PS of JRPC is explained by the flexural strength by only 47.5 %. The variation of PS of JRPC is explained batter in multiple linear regression which more than one mechanical properties can explained the variation of the PS. For example, 94 % of the variation of PS is explained by tensile strength and flexural strength. By looking at the P-value of multiple linear regression of JRPC, there are four statistical models are significant. The adjusted R 2 for these models was 0.828, 0.940, 0.952 and 0.934. So, the best model of JRPC is = -19.702 + 1.011TS + 1.296FS + 2.989FM with the highest adjusted R 2 and small P-value which are 0.952 and 0.006 respectively. The variation of PS of JRPC is explained by 95.2 % via tensile strength, flexural strength and flexural modulus. There is no multicollinearity problem in the data set of JRPC detected since all the value of Tolerance and VIF is beyond the constraint.
From the simple linear regression, there is only one mechanical properties significant in to the model which is tensile strength by referring the P-value on Table 6 . The R 2 of this model was 0.918. There is strong positive linear relationship between tensile strength and PS of KRPC. The value of adjusted R 2 is increase by consider more than one mechanical properties in multiple linear regression. For example, the value of adjusted R 2 was 0.963 if tensile strength and flexural strength is considered. The process of estimation the PS of KRPC is more precise by using this model compare to single variable. Finally, from the criteria stated on Table 3 , the optimum model of KRPC is = 1.220 + 1.015TS + 1.023YM + 1.021FS. The variation of PS is explained by tensile strength, Young's modulus and flexural strength by 99.8 %. Moreover, there is no multicollinearity problem occur in KRPC data set.
Statistical measurement is used to identify the significant mechanical properties that influence the NFRPC performance. By identifying the irrelevance mechanical properties to the model will increase the score of coefficient of determination to the model after eliminating the unimportance mechanical properties to the model constructed. The screening process on the statistical model built with significant mechanical properties that really influence the materials performance can produce a better prediction and estimation on the material performance for automotive component application. This model can be used extensively by the design engineer in manufacturing process. In this study, the best model selected of BRPC, JRPC and KRPC is used to estimate the PS of automotive parking brake lever as shown in Figure 4 . The material specifications of hand brake lever are substitute into the statistical model to identify the final composite for manufacture a parking brake lever. Petal and Sarawade [61] The PS of these composite is shown in Figure 5 . Thus, the final best candidate composite for automotive parking brake lever is KRPC which the highest PS is selected compare to the other alternative. Another study was done by Mansor et al. [6] on material selection of hybrid natural fibres reinforced polymer composites using analytical hierarchy process (AHP) and similarity to ideal solution (TOPSIS) for automotive parking brake lever component found kenaf is the best natural fibre while PP had maximum TOPSIS score for all required design specifications [62] . The model adequacy checking was done by plotting the normality plot of respond variable (PS) and normal probability plot of regression probability standardized residual for three statistical models as shown in Figure 6 . Notice that the residual is plotted lie near exactly along a straight line, indicating the observed value is approximate to the expected value from the model of BRPC (a) and (d). The same pattern Figure 5 . The estimated performance score of composites. shown in Figure 6 (b) and (e) for JRPC and Figure 6 (c) and (f) for KRPC. There is no obvious model defects or nonlinearity pattern. The estimation process of PS for the material by using the best fit model can reduce the uncertainties and error. In fact, it will shorten the time to collect the full data of the composite in particular mechanical properties. Manufacturing time and cost reduction to the industry will benefit the manufacturing team by the innovative approach of the material selection system. It will increase the efficiency and productivity in the automotive industry [59, 63, 64] . The additional process during the manufacturing can avoid and it will reduce the time [65] . Less information is required from the industry to determine the best fit materials appropriate to the automotive component. The propose method can be used in different automotive component application with minimum data require. In detail, the performance score for alternative materials is clarified for trustworthy material selection decision by the design engineer in manufacturing process. Event through this novel approach can overcome most of the common MCDM problems, there are limitation to run the regression model. Adequate data is required to construct the best statistical model. In this study, as much as mechanical properties reported is referred for data collection.
Conclusion
A framework for material selection of NFRPC with relevance mechanical properties by using statistical model such as simple, multiple and stepwise regression through statistical analysis in detail on the materials performance is proposed to deal with the application of automotive parking brake lever component. Although more tools are available for decision making, this optimize method is proposed to construct statistical modelling in three different regression techniques. These model is useful to identify the appropriate material in automotive component application. In addition, the quantitative measurement is used in the whole process can solve inconsistent judgement and subjectivity problems that occur in other decision-making tools. This study has shown the rationality of the new propose method for material selection process. The adequacy checking is employed to diagnosing violation of the model. These diagnostic methods are primarily based on study of the model residual. Thus, the stable statistical model can assist the design engineer to identify the priority material on their product design requirements in automotive industry. In fact, the result can be considered as an alternative solution to the conventional method.
